Early life
Ellis was bom in Cirencester, the eighth child in a Welsh family of 11 children: six boys and five girls. An older brother and sister died in infancy. His father was Edgar William Cosslett (1871 -1948 ; his mother was Annie (nee Williams, 1871 Williams, -1951 . His father was a cabinet maker, bom in Llandaff, near Cardiff. Ellis described his parents as 'originally chapel people', probably implying that they had ceased to participate in organized religion. Nevertheless, his fattier spent most of each Sunday reading the same two books: the Bible and The Complete Mechanic. His parents had misgivings about the future career prospects in the UK for native Welsh speakers; although they always spoke to each other in Welsh they did not pass it on to the children. His parents did not have much influence on Ellis, who, being well down in the family hierarchy, was probably closer to his eldest brother Edward Thomas. Ellis, in fact, never lived in Wales but deep down there lurked the spirit of a revolutionary Welshman, which his strong self-discipline normally managed to suppress; it did, however, break out on one or two occasions. Although his parents were relatively uneducated, Ellis believed that he benefited from the importance the Welsh attach to educational qualifications and to music. In 1908, his father had become a builder's foreman; later he became a Clerk of Works on the Earl of Eldon's Estate, at Stowell Park, near Northleach. The family lived in an isolated house on the site of the Roman Villa at Chedworth, eight miles from Cirencester. After World War I, Edgar Cosslett set up as a small builder in Cirencester; this business failed in the post-war economic depression. The family moved to Chedworth in 1909, when Ellis was one year old, and moved back to Cirencester when he was 10. The Villa was isolated; half a mile to the next house and two miles to the nearest vil lage, Chedworth. This period of seclusion and the absence of playmates may account for Ellis's habit of reflection and introspection and may explain why he found it difficult to engage in small-talk or personal matters, although it was easy to engage him in scientific discussions. He had a prodigious memory and was able to keep a vast array of facts in his mind. He was quick witted and shrewd. These qualities enabled him later to control complex projects with a min imum of paperwork.
Although the Roman Villa was isolated, the family formed a close-knit unit in what seemed to this large Welsh family to be a hostile English environment. His supportive brothers and sisters looked after his needs. He soon learned to read, possibly taught by his elder brother Edward, who had a degree from Bristol University and a teacher's diploma. There was no cinema, radio or television, so Ellis had plenty of time to devour whatever books he could lay his hands on, including, of course, the Bible and The Complete Mechanic. In the immediate vicinity of the Villa, there was much to interest him: a crane at the quarry and a saw-mill driven by a steam engine. However Ellis did not enjoy good health. Before he was six he had contracted a series of childhood illnesses but of an unusual severity and dura tion, so his entry into school was seriously delayed. At six he joined a nursery class attached to Cirencester Grammar School, but fell ill after only a few weeks. He was again forced to remain at home for nearly a year, after which he was able to start at the Lewis Lane Elementary School, Cirencester. He and his brother Ken were taken every Monday by pony and trap to the railway station at Chedworth and were brought back in the same way on Friday. At the school, it was discovered that he was shortsighted; he was moved to the front of the class and had to wear spectacles. Because of his outstanding reading ability, he was considered a 'bright lad' and at the age of 12 won a Junior County Scholarship to Cirencester Grammar School.
This traditional boys' school, oriented towards high standards of scholarship, suited him well. The Headmaster, Dr Thomas Frazer, a mathematician from Trinity College, Dublin, took a close interest in the more gifted pupils and groomed them for Cambridge; he had Ellis in mind as a candidate for mathematics or physics. Ellis respected Frazer; he described him as stem, but human. In insisting on the highest standards, he used the cane, but not exces sively. Unfortunately, in addition to his poor general health, Ellis now began to suffer from psoriasis, a hereditary skin disease, often with psychological and stress overtones; it is not infectious but causes blotching and reddening of the skin, embarrassing for a young person. This affliction was to pursue him on and off even into old age. Ellis sat for the Higher School Certificate Examination at the age of 17. He should also have sat for the Cambridge Scholarship Examination. In English grammar schools the physical and intellectual pressures imposed by the rigid system can be severe, even for healthy boys; in Ellis's case the mounting pressures led to a nervous breakdown just before the examination. He was off school for three months. On his return, he repeated the Higher School Certificate Examination but failed to win a distinction in physics or chemistry, the normal qualification for the award of a State Scholarship. This was a disappointment as it ruled out a place at Cambridge. He did win a County Scholarship which, if supplemented, would allow him to proceed to Bristol. An available source of funding was a Teacher's Training Grant, which he secured. He entered Bristol University in 1926, intending to take a course based on physics, with mathematics and chemistry as subsidiary subjects. This was not possible under the Bristol regulations. Instead, he read chemistry, with physics and mathematics as subsidiary subjects. His Teacher's Training Grant placed him under an obligation to enter the teaching profession after graduation.
At Bristol, Professor J.W. McBain opened his eyes to the fact that Science is a constantly evolving scene; there will always be a great deal that we do not know or understand and much of our interpretation of experimental evidence is tentative. Ellis sympathized strongly with this point of view. He soon became set on a career in research, rather than in teaching, to which he was legally committed. He began to learn German in the scientific German class at Bristol, essential for anyone contemplating research in chemistry. He also had time for other activities. He entered for the annual play-writing competition at his hostel, Wills Hall, on the basis of his early attempts to write poetry at school. He won the prize with a short, sentimental play called 'April Storm'. His poems were composed between the ages of 16 and 19, and are of a high technical quality but often with a sentimental Victorian background. They make interesting reading, showing how he was gaining a command of the choice of phrasing and the ability to set a scene concisely and convincingly. As his future research career was to consist mainly of writing research proposals and persuading people to grant him funds or to join his team, this was a crucial skill for the future.
In 1929 Ellis was awarded an ICI Research Studentship -worth £200 per annum for two years -at Bristol University with Professor Gamer, on gas kinetics. ICI even offered him a job in their research laboratory on the successful completion of the project. There were two snags: two years were not enough to complete a Ph.D. and his Teacher's Training Grant required him to proceed to a teaching diploma in the education department and then take up a teaching post. Gamer, who was skilful in these matters, arranged, with ICI and the Department of Education, a 'temporary deferment' of this agreement. He also suggested that Ellis should obtain research experience abroad and arranged for him to work in the Kaiser Wilhelm Institute (KWI) for Physical Chemistry in Berlin-Dahlem. KWI could support Ellis for a year, ensuring his funding for the three year period. The time spent at the KWI was a turning point in Ellis's life. The village lad from Chedworth was thrust into the bustling cap ital of the German Reich. Berlin was a centre for music and the arts; there was also a great social and intellectual life. Planck, Nemst, Einstein and Bodenstein had already established their epoch-making theories in physics; Ellis attended their lectures. In the KWI itself, research students assembled from all over the world. Ellis went to many lectures and to a concert almost every night, the start of his lifelong interest in listening to classical music. He met all kinds of interesting people and, after some intensive lessons, became fluent in German. He acquired a Jewish girlfriend in Berlin, thereby incurring the disapproval of his Aryan landlord, bringing home to him the tide of irrational feeling in Berlin against the Jews. His mastery of colloquial German was later to play a decisive role in his unrivalled grasp of the rapid developments that were to take place in electron microscopy, stemming from the pioneering work then underway in Berlin by Knoll and Ruska at the Technological University. At the time, Ellis had no inkling that he was going to play a leading role in the subject, but he had a rude awakening to the darker political side of Berlin during a lecture by Albert Einstein, when he saw it broken up by a gang of anti-Jewish Nazi students. He real ized that not only the Jews but also the 'intellectuals' and professional classes were in great danger and that the Nazi Party meant business. Ellis was later to be drawn further into antiNazi politics, opposing these developments. His introspective and secretive nature about his private life enabled him to keep his political activities quite separate from his scientific ones. The return to Bristol
On his return to Bristol in the summer of 1931, Ellis found that the economic situation in the UK was none too promising. With one year to go to complete his Ph.D., he was startled to discover that by a muddle in the finances, the £200 provided by the ICI grant had disap peared from the departmental accounts. Moreover, because of the economic depression, ICI could not take him on after his Ph.D.
University College London
This financial impasse was resolved when ICI arranged for him to transfer to an ICI-supported research unit at University College London. Ellis became assistant to H.G. de Lazio, son of the well-known portrait painter, carrying out research on electron diffraction in gases. Ellis found accommodation in a boarding house in West Hampstead where he came into con tact with a group of researchers of extreme left-wing views. In common with many acade mics at the time, the ideals of Marx and Lenin seemed to this group to be the only alternative to Fascism and Capitalism. It is difficult to remain static in science and impossible in poli tics; Ellis, a reformer at heart, found that he was moving strongly to the left politically. He became a secret member of the Communist Party, operating under a Welsh pseudonym. Some of these activities, especially his later clandestine activities during World War II, had they been known to MI5, would certainly have attracted their attention and could well have ruined both his subsequent career and his reputation. His stay at University College served its purpose and he finished his Ph.D. on schedule; the degree was awarded by Bristol University in 1932. Although moving between Bristol, Berlin and London had been hectic, he had indeed received a broad training in research and made many useful contacts. However, there was no research job at the end of it. With his new skills, he secured a temporary post back in Bristol, in the Department of Physics under Professor R.M. Tyndall, working in a small group headed by E.T.S. Appleyard, described by Ellis as 'a man of wide learning and leftwing sympathies'. He had to construct an electron diffraction camera for the study of in-situ deposited films. This experience with vacuum systems, high-voltage generators and electronoptical columns was to prove invaluable in later research on electron microscopy at the Cavendish Laboratory. Tyndall was a man of broad interests in physics, and of a 'laconic, humorous disposition'. Ellis could never forget the sight of him standing on his head in the tea room while he calmly drank a cup of tea to demonstrate to his students that gravity is not essential to the act of drinking! One day in 1933, Tyndall gave Ellis copies of recently pub lished papers by Knoll and Ruska, 'Beitrag zur geometrischen Elektronenoptik' and 'Das Elektronenmikroskop', in which they had demonstrated experimentally the close analogy between electron and geometrical optics, and had constructed the world's first two-stage transmission electron microscope (TEM). The feat of actually forming electron images in a compound electron microscope was mind-boggling at the time. Ellis got down to the task of mugging up these two German papers and was soon able to present a 40-minute talk on 'The electron microscope' at the next Colloquium. This triggered off a life-long drive and com mitment to the development of this instrument and its applications. He was probably the first person in the UK to realize the profound significance of the work of Knoll and Ruska for the future of electron microscopy in physics and the life sciences. Ellis was still active politically and found many like-minded people at Bristol University. He joined the under-cover University Communist Group, which included the German refugee Klaus Fuchs who was later imprisoned for passing sensitive nuclear physics information from AERE Harwell to the Soviet Union. Ellis also found his first wife there, Rosemary Wilson, daughter of James Stanley Wilson, a graduate electrical engineer of Barking, Essex. They married in 1936. She was a Classics Teacher at Clifton Girls College and Ellis regarded her as very left wing. In the meantime, as the slump continued, Ellis travelled up and down the country in a hopeless attempt to find a research post. It was not often that Ellis had to accept defeat, but in this case he had no alternative but to accept a teaching post at Faraday House in Southampton Row, London. Faraday house advertised itself as a 'technical college for gentlemen'. Ellis was engaged to teach elementary physics and chemistry. The job was essentially hack work of mind-numbing boredom, but it was not arduous; within a year Ellis had taken up part-time research, at Birkbeck College, under Professor P.M.S. Blackett, a former research student of Lord Rutherford and later President of the Royal Society. Blackett had been a professional naval officer before turning to Physics, and had served in a destroyer in the World W ar I, seeing action in the Battle of Jutland. Blackett ran his department on traditional naval lines, shouting his orders from the bridge to his research crew at action stations. However, he knew what he was at: how to manage a project and guide it to success. Ellis learned a lot from him, including how to become a guru, how to manage research and how to indicate to others that he alone knew what was good for everybody, making decisions accordingly. He also learned Rutherford's maxim from Blackett: 'D on't complain! Make do with the resources available and get on with it'. The work on focusing beta rays was an excellent warm-up for Ellis's later entry into high-voltage electron microscopy (HVEM). He designed a large magnetic lens for focusing high-energy beta rays, hoping that it would lead to a physics Ph.D. from the University of London, to supplement his Bristol Ph.D. in physical chemistry. However, the threat of war, and Blackett's likely involvement as a consultant, led his supervisor to per suade him to change the investigation into an M.Sc. project. In 1937, Blackett was called to the Chair in Physics at Manchester University, taking his spectrometer, but not Ellis, with him. Blackett's successor was J.D. Bernal, a leading X-ray diffraction expert, and a man with very broad and deep scientific and political interests. Whereas, for Cosslett, Blackett was 'leftist', Bernal, was 'very far to the left', taking a leading part in many communist-inspired campaigns. Ellis discussed with Bernal the possibility of designing an improved X-ray tube using a magnetic lens to focus the electron beam onto the target to increase the X-ray bright ness. Bernal, who was studying tobacco mosaic virus at the time, also knew of the success of the Ruska Group in Berlin in imaging viruses and had started negotiations for purchasing a Siemens electron microscope. Ellis were the examiners. He was successful; the outlook was hopeful, but once more his plans were foiled. World War II was declared on September 3rd! There was clearly no chance of getting a Siemens transmission electron microscope and because of the danger of air raids, Bernal's group was evacuated to Oxford. Unfortunately, there was no room in the new laboratory for Ellis. However, Professor J.S.E. Townsend at the Electrical Laboratory, Oxford, was willing to give him some laboratory space and facilities to set up an electronoptical bench. This was fortunate since he could then be classified as a wartime evacuee and his grant was transferred from London to Oxford.
Helping war-time refugee scientists During Ellis's time at London University, refugees fleeing from Hitler's regime had begun to arrive in the UK. Ellis knew several of them personally and became involved in helping them. In his practical way, he had taken a large flat in Hampstead where he provided accommodation for himself and his wife Rosemary, and transit accommodation for several refugees. Unfortunately, Ellis became strongly attracted by a daughter of one of the families and was eventually divorced by Rosemary after only three years of marriage; there were no children. In mid-1938 an Austrian refugee, Anna Wischin, daughter of Josef Wischin, a railway official of Vienna, turned up at the flat. She was a physicist and light-microscopist. Her fiance had been killed in Spain. She had enrolled in Physics at the University of Vienna in 1930-31. In the period 1934-38 Fascism became increasingly prevalent in Austria, and Anna, like many other university students, joined the underground Communist opposition and became a Soviet courier. Early in 1938 she was arrested on the railway station in Vienna while carrying a suitcase full of Communist 'literature', and held in custody at a police sta tion. Her mother secured her release by providing evidence that the family was of strong Catholic faith, her brother was a choirboy in the local church and her father was an NCO in the Austrian Heimwehr (Home Guard). No charges were preferred, but her name was filed as a communist activist. When Hitler seized power in Austria, the family planned her escape to Paris, pretending that one of their relatives in France was seriously ill so Anna's help was needed. Anna arrived in France at the end of March 1938, and in England in April 1938. The refugee grapevine directed her to London University and hence to Ellis's 'transit camp'. Ellis found her a temporary job in London as a cook. Later on, she obtained a position as a research assistant to Ellis's former tutor, Professor Gamer, in Bristol. Ellis was completely captivated by Anna, by her pleasant manner and sense of discretion, scientific training and outlook, balanced views and strong, active, left-wing commitment. This was combined with a deep insight into other people's feelings, a quality that providence had largely denied Ellis. They married in 1940, a turning point in their lives. They were complementary characters, of like mind, but of strongly differing temperaments; both were capable of surviving in a hostile environment. Anna was to be a tower of strength in the setting up, under the difficult post war conditions of 1946, of the Electron Microscopy Section at the Cavendish Laboratory at Cambridge, arguably Ellis's greatest achievement. Both were dedicated practical Communists. Their clandestine activities in the Communist Party continued secretly during World War II and persisted for many years after; these are beyond the scope of this memoir, except in so far as they show that Ellis needed some coherent philosophical and political framework in which to move, which had not been supplied by his formal education. His basic strategy, both in research and ordinary life, was first to think deeply what needed to be done in a particular field, and then to transform this idea into a practical reality, making use of his extraordinary political skills and widespread contacts to bring it into being, shrewdly outmanoeuvring all opposition. In this he was supported by Anna's common sense and understanding of people. It is clear that no-one else shared their world; neither of the partners ever revealed their inner feelings even to their closest friends. Their political views appear to have had no effect whatever on the development of their scientific careers or their consider able contribution to electron microscopy.
T h e O x f o r d p e r io d
As already mentioned, Ellis moved to Oxford in 1939 and Anna came over from Bristol in 1940. Ellis was put in charge of Air Raid Precautions (ARP) in the Colleges and Anna looked after the women students. Ellis set up a primitive electron-optical bench in the Electrical Laboratory, in order to study the aberrations of an equally primitive magnetic elec tron lens. Ellis, who had been enrolled on the Central Register of Graduate Scientists, was soon interviewed by the Scientific Allocation Panel. They initially planned to send him to Wales, to work on proximity fuses; in the end it was decided that he should stay on at Oxford and teach officer cadets applied physics and wireless telegraphy. Once he had mastered this task, he had time to keep up his interest in electron microscopy. This was sharply re-triggered in 1942 when he learned that several RCA electron microscopes had been shipped to the UK under the Lease-Lend Agreement with the USA. Cambridge University received one and Ellis, now a lecturer and demonstrator, tried unsuccessfully to acquire one for Oxford. In 1944 he became aware that the Metropolitan Vickers Electrical Company in Manchester was planning to build an new electron microscope, the EM2, having already built an experimental TEM, the EM I, in 1936 for Professor L.C. Martin at Imperial College. During the war it had been removed to the National Physical Laboratory at Teddington. This is where Ellis saw it, probably in late 1945 or early 1946. It was his first glimpse of an electron microscope, although he had already written a book on the subject. In 1945, Lindemann (later Lord Cherwell) made it clear to Ellis that he had no future in electron microscopy at Oxford, but offered to keep him on as a temporary lecturer for a further year while he looked round. In 1946 Ellis was elected Secretary of the new Electron Microscopy Group of the Institute of Physics as he was recognized as an organizer, minute-taker and review speaker. He could also write constitutions, accept amendments and cajole people into accepting them. This undoubtedly arose from his strong feeling for politics -'the art of the possible'. His vision of the future of electron microscopy was perceptive and unerring, and the Electron Microscopy Group of the IOP went from strength to strength. Towards the end of his allotted span in Oxford, he learned that there were some ICI fellowships available at Cambridge University, and W.L. Bragg, Head of the Cavendish, was looking for someone to take charge of their RCA Lease-Lend transmission electron microscope. He wrote to Bragg, proposing himself as a candidate. Having heard nothing for some time, he wrote again about his application. Bragg replied, saying that somehow the papers had gone missing and the fellowships had already been awarded, but come for an interview! He hurried over to Cambridge and was interviewed by Bragg and his reader, Ratcliffe. They realized Ellis was the man they needed and, somehow, another fellowship was conjured up! The Fellowship was for three years only but Ellis was destined to remain there for the rest of his life.
The Electron M icroscope Section at the Cavendish Laboratory Ellis arrived at the Cavendish in September 1946 to run the RCA electron microscope and to promote electron microscopy in the University. These fellowships were designed to allow mature research students to get back into research after the war. He was now 38 and regarded himself as past his prime as far as research went. He had no experimental research behind him in electron microscopy, although he was extremely well informed about it. Ellis, how ever, had no intention of merely looking after electron microscopes: he wanted his own research programme. The Cavendish funds were very limited and he had no status in the University. Altogether, the outlook was not too promising. The University, for example, did not recognize his Ph.D. from Bristol, so he had to be referred to as 'M r' Cosslett. This caused him some initial resentment, but he was not going to make a fuss about it. His assets were that he now had the RCA microscope, and the prospect of the imminent delivery of a 100 kV Siemens 'Uebermikroskop' or 'supermicroscope', taken as war booty from Krupps in Essen. Fortunately, R.W. Home turned up from the Royal Air Force, but without a first degree, owing to his war service; Ellis took him on because of his excellent grasp of electronics and obvious competence. This solved the problem of installing the Uebermikroskop in the Cavendish in October 1946, using native wit and the instrument handbook, written in German. Home eventually applied successfully for a Cambridge Sc.D., as did Ellis himself. With gifted researchers and two electron microscopes, it was possible to promote research in metallurgy and in biological science. The application for the ICI fellowship, submitted by Ellis from Oxford, had in fact included a comprehensive future research programme. The correction of spherical aberration of objective lenses and the development of a high-voltage TEM, were set out as long-term aims to achieve atomic resolution. Electron-probe micro scopes, such as the X-ray projection microscope, originally proposed in 1939 by von Ardenne in Berlin and which Ellis had worked on in Oxford with Baker, were also included as a means of investigating biological specimens without having to submit them to a vacuum environment. This wide-ranging programme was in fact carried to completion but it took the next 30 years to implement. Ellis was a realist and was aware that he could not carry out sig nificant research by himself. He needed a lot of money, staff and facilities for such an ambi tious programme and he made this his first priority. Moreover, by 1947, many mature students were returning to Cambridge from war service, and were looking for challenging projects. These were the ones Ellis sought out. He applied widely for research grants even before he knew who might carry out the work. In addition he created within his group an information centre on all aspects of electron microscopy, distributing reprints and contents of relevant journals to review and report on at regular meetings of the group. Stimulating research colloquia were held in the Cavendish to which leading researchers were invited to address the group. Ellis with his wonderful memory and systematic filing system became a walking encyclopedia on all aspects of electron microscopy. Unlike most other electron microscopists, Ellis was not a narrow specialist, but took a lively interest in physics, mate rials science, biology and medicine. Although he did not necessarily understand the fine details of biology or metallurgy, he was at pains to approach his colleagues in these disci plines at Cambridge and elsewhere and to offer them EM facilities. He was a good listener. Audrey Glauert, a physicist with a gift for biological sciences, joined the team in 1950. Together with Bob Home and Anna Cosslett, they were to make big advances in biological electron microscopy.
By 1949, as the Fellowship was coming to an end, the Cavendish EM Section was well known throughout the growing world of electron microscopy. Happily, Ellis was appointed University Lecturer in Physics in October of that year. This was a crucial event, since it gave the group a sign of continuity. W.C. Nixon, age 22 but already with war service behind him, arrived on the scene from Canada, bringing with him a Canadian bursary. Following his usual practice, Ellis offered several projects; Nixon chose the X-ray projection microscope. Like most of the EM Section researchers, he didn't need a supervisor but got on with the design straight away, had it built in the workshop and submitted his Ph.D. thesis in two years and nine months. There was very little known previously about such an instrument but Nixon obtained sub-micrometre resolution, reaching the theoretical limit as set by Fresnel diffrac tion. Several instruments were constructed at Cambridge for use in various laboratories throughout the world and the first book on the subject, X-ray Microscopy by Cosslett and Nixon, was published by the Cambridge University Press in 1960. This electron-probe instrument proved seminal for the Cavendish Group, as it opened up the wide field of probe forming electron-optical instruments that were soon to dominate the microanalytical scene. Ellis's skill as an entrepreneur later stimulated commercial production of analytical electron probe instruments in the UK, by Cambridge Instruments, Associated Electrical Industries (AEI) and other firms. Cosslett was outstanding in the UK for importing into his section key problems from other disciplines, often building the experimental analytical instruments needed to solve them. These activities were carried out within the excellent family atmos phere that pervaded the EM Section. This was largely due to Ellis's open style of leadership, which may be summarized as affable 'healthy neglect' and 'sink or swim!' Although adopting the stance of a guru, controlling everything personally and delegating nothing, he was freely available to all, and participated regularly at the daily coffee-discussion sessions where the entire Section gathered. Discussion was animated and informal. The only people not on first-name terms were the Cossletts themselves and Mrs Pettit, the tea-lady! All prob lems could be dealt with immediately and openly, so that virtually no paperwork was needed. In the early days, the Cavendish EM Section was quite small, with very limited funds so that solidarity was easy and, indeed, essential. Here Anna played a key role; unlike Ellis, she was especially sensitive to other people's feelings and had great intuition and insight into their expectations and needs, often adopting a 'trouble-shooting' role when things went wrong. Her presence in the Laboratory was therefore indispensable to the general well-being of the Section. She was a charming person, a microscopist in her own right, specializing in life sci ence applications by light microscopy and carrying out many investigations in the laboratory. She took a great personal and practical interest in all members of the Section, young and old and could often remember their children's birthdays and the like. The Cossletts had two gifted children of their own, Stephen and Anna Therese. Every year, Anna organized a garden party at the family house in Long Road for the whole Section. These are still recalled with pleasure by former members of the group. The Cavendish EM Section soon became famous, first in Cambridge itself and then throughout the world. The small band of Cavendish researchers was supplemented by researchers from other departments in Cambridge, and electron microscopists from all over the world. Many disciplines were repre sented as Ellis spread the word of electron microscopy. Names like J. Burfoot, P. Duncumb, N.A. Dyson, J. Bradfield, Audrey Glauert, J.V. Long, P.W. Hawkes, T.A. Hall, P.B. Hirsch, R.W. Home, W.C. Nixon, J. Nutting, K.C.A. Smith, P.A. Sturrock, R.P. Ferrier, A. Howie and many others spring to mind. These included pure mathematicians, chemists, biologists and metallurgists too numerous to mention individually. I cannot, however, refrain from mentioning Ray Dolby, who came from the Ampex Corporation in the USA, and applied to Cosslett for a Ph.D. project. Silicon-based, energy-dispersive detectors had not yet been developed but Dolby devised an ingenious electronic system for deconvoluting the seriously overlapped soft X-ray spectmm produced by the conventional proportional counter. This was one of the factors that led him, in 1965, to invent and patent the famous Dolby system for reducing noise in tape recordings. He is now thought to be the wealthiest of Cosslett's former Cavendish research students! Ellis's forward vision and organizing skills came to the fore -especially in the wake of Castaing's success -in France in the 1950s, in constructing a static electron-probe X-ray microanalyser, in which a solid metallurgical specimen, mounted on a mechanical stage, was placed under a fine electron probe of about one micrometre in diameter, with the aid of a light microscope. By recording the X-ray emission spectra, it was possible to obtain a quanti tative, non-destructive chemical analysis of a few cubic micrometres in volume -a break through for optical metallography. Cosslett decided that it might be more appropriate to use a modified scanning electron microscope for viewing the specimen and taking the spectrum. There was considerable opposition to this idea from metallurgists, whose experience was entirely based on optical microscopy. No industrial support was forthcoming but Cosslett managed to find the funds needed to make an experimental instrument in the Cavendish workshop. P. Duncumb took on the project and the 'scanning X-ray microanalyser' was cre ated from scratch, with minimum resources. The Cavendish RCA electron microscope column was 'cannibalized' to provide the electron probe and a new final lens and X-ray spectrometer were fitted underneath. Complete success was swiftly obtained, and scepticism about the instrument rapidly evaporated. With D.A. Melford at Tube Investments Research Laboratory, Hinxton Hall, a prototype laboratory instrument was subsequently constructed, after which commercial production was undertaken by the Cambridge Instrument Company. A similar story could be related about the development of the Geoscan series of X-ray analy sers produced by the Cambridge Instrument Company. In 1954 J.V. Long, from the Chemical Research Laboratory at Teddington, joined Cosslett's Group, specializing in designing electron-probe instrumentation for analytical purposes. He later moved to the Department of Mineralogy and Petrology in Cambridge and in 1965 the 'Geoscan', an innov ative electron probe analyser especially suitable for examining geological specimens, was produced by the Cambridge Instrument Company, incorporating all the experience gained in the EM section. In all this work Cosslett played a vital role in making the scientific case, set ting up the finances and finding the right people to carry it out. It should perhaps be men tioned that Cosslett's own research interest was probably in electron scattering in TEM and SEM specimens and questions of radiation damage, both of fundamental importance for ana lytical use of the instruments that he was developing. He always tried to have a research stu dent working in these areas. The names of Hugh Bishop, Martin Green, Sami Saleh and Noel Thomas spring to mind here. Big contributions to the theoretical and practical understanding of experimental data produced by analytical TEM and SEM were made by this group.
High-voltage electron microscopy
Electron microscopy with accelerating voltages up to one million volts became important in the 1960s, mainly through developments by Dupouy in France. Such microscopes are expen sive to build and Ellis became impatient with the slowness of UK Government funding. He therefore applied for and received a Paul Instrument Fund grant to build a 750 kV high-voltage electron microscope (HVEM). K.C.A. Smith from the Engineering Department at Cambridge joined the Cavendish EM Section and carried out the detailed design in 1961-62 and super vised the construction in the Cavendish workshop, with some assistance from the Engineering Department workshop. The 750 kV high-voltage generator was bought from Haefely in Switzerland. The new microscope was fully operational by 1966, and made a great impact in the world of electron microscopy. This microscope served as a prototype for the AEIEM7 million-volt TEM, possibly one of the most successful designs that the company produced. The Duddell Medal of the Institute of Physics was awarded to Ellis Cosslett and Ken Smith in 1971 for their contribution to high-voltage electron microscopy. Ellis had been appointed University Reader in 1965, which gave him great freedom of action in his chosen subject. In spite of his great contribution to electron microscopy, Ellis was never given a chair at Cambridge. An ad hominem chair would certainly have been appropriate but these were very unusual at Cambridge at the time. The competition for chairs in Physics was in any case severe, and elec tron microscopy had not by then reached the stage where it was regarded as a main-line physics activity. Perhaps, more importantly, Ellis's far-left political views did not allow him to asso ciate too closely with the Cambridge Establishment, to which he was fundamentally opposed and which he had, in fact, tried (unsuccessfully) to reform through his involvement for many years in the Association of University Teachers (AUT), of which he eventually became President. He firmly believed and made it known publicly that the Cambridge colleges, in their present form, were unnecessary and anachronistic in a science-oriented university, and their reform was urgent. His impact on the University was negligible, but in 1963, he was taken aback when offered a Fellowship at Corpus Christi College. This was a stark choice, put before a gifted Welsh attacker of the system by equally gifted English defenders. Ellis eventually con ceded defeat and accepted the Fellowship, though with inner misgivings. In fact, he was to ben efit enormously later on, after the death of Anna in 1969 and his subsequent nervous breakdown, and on his retirement in 1975, when he was able to appreciate the benefits of the supportive role of the College system, and the very English way of allowing the University to evolve slowly and at its own pace.
Impending retirement
In 1970 Cosslett began discussions with the SRC (later SERC) and industry about future support for electron microscopy research in Cambridge. His ambitious plan for an Institute of Electron Optics at Cambridge, supported by industry, with himself as Director, was quickly dismissed. Instead, the Cavendish Laboratory and the Engineering Department were invited to submit a joint research project for the 1970s. The response was a project aimed at achieving atomic resolution in an electron microscope in both the transmission and scanning transmission modes. This would need an accelerating voltage of around 600 kV and would exploit the expertise of both departments. Cosslett, knowing that he would retire in 1975, had in mind an exploratory research instrument on similar lines to the successful 750 kV TEM project, as there were many unknown factors in the proposed design. Some snags, however, were immediately apparent. There was a siting problem. No space was available in the Engineering Department and the Cavendish Laboratory was due to move to the Madingley Road site in 1974. Especially since Cosslett himself was due to retire in 1975, the heads of both departments were wary of a project that might well unbalance the departmental research program and make inroads into limited departmental resources. Finally, the SRC Materials Committee announced that it would not support the construction of a research prototype, but only a fully engineered instrument capable of routine atomic resolution because their main interest was in the applications of the instrument. This would, of course, greatly complicate the design and increase the expense and manufacturing time considerably. Furthermore, although 600 kV was an excellent choice scientifically and from a constructional point of view, there were no suitable 600 kV generators available. Clearly there was trouble ahead! Cosslett was not one to be deterred by formidable obstacles. Only he could have manoeuvred through such a thicket of administrative and technical difficulties. He eventually succeeded in involving AEI Instrumentation Division, Haefely of Switzerland, the Department of Trade and Industry and Cambridge University itself to provide support and services and was able to meet all objections, putting the project on a sound financial footing. Risky compromises, however, were accepted in order to save time. Essentially the plan was to modify and upgrade a million volt EM7 TEM to work at 650 kV. Among other things, this doubled the planned weight of the column, making it 8 tons! Space was somehow found in the Old Cavendish Laboratory whose thick walls were strong enough to bear this load, supported on a vibration-proof tripod mounting. Funding became available in 1972, the year in which Ellis was elected Fellow of the Royal Society at the age of 64. When he officially retired, many technical and administrative difficulties remained and he was retained as a consultant; W.C. Nixon became the Principal holder of the SERC Grant. The microscope became operational in 1977, but even so, atomic resolution could not be obtained routinely. This is not unusual in a new design, but it can be a source of great anxiety for the project manager as time runs out. Sophisticated diagnostic tests, devised during the project, revealed subtle but serious faults in the lens windings and electrical supplies. Under the increasing pressure that was being applied by the funding bodies and the steering committee for the promised results, relations among the team became very strained, especially as Cosslett felt it very difficult, if not impossible, after his retirement, to hand over full responsibility to his successors, Nixon and others. As often happens in such tense situations, a change of bowling can make a big differ ence. A gifted Australian electron microscopist, David Smith, who had joined the team pri marily to improve the operational technique of using the microscope and to exploit its higher resolution in real specimens supplied by industry, was put in charge of the microscope. After much hard work by all concerned, the outstanding faults were identified and cleared. Atomic resolution was achieved and the HREM Facility was officially opened in 1979. It was a suc cess in spite of all the difficulties, and gave 13 years of high-grade service in materials sci- ence. For about two or three years it was the leading high-resolution instrument in the world. Because of the design compromises, however, it could not be developed as a commercial instrument, and was laid to rest in the Science Museum. Nevertheless, it cleared the ground for the subsequent commercial development of atomic resolution electron microscopes in both Europe and Japan. It was in 1979 that Cosslett was awarded the Royal Medal by the Royal Society. The citation is a masterpiece of conciseness and precision:
Dr V.E. Cosslett, F.R.S. Cosslett, together with his students and collaborators, has been responsible for the design and devel opment o f a number of highly successful electron optical instruments: First, together with Nixon, the X-ray microscope, which was manufactured commercially by Hilger and Watts and Electron Physical instruments.
Second, together with Duncumb, the scanning electron probe analyser, which was the prototype of many commercially produced instruments now standard equipment in many metallurgy, geology and biology laboratories all over the world.
Thirdly, with K.C.A. Smith, the Cambridge 750 kV electron microscope, which formed the basis for the design of the AEI EM7 1 MeV electron microscope, twelve of which have now been installed in this country and abroad. To celebrate Cosslett's 70th birthday in 1978, the Royal Microscopical Society organized a Festschrift, which appeared in the September issue of the Journal o f Microscopy (1979) . Colleagues and former research students presented a notable tribute to his long and suc cessful research career. The Foreword was written by P.B. Hirsch, F.R.S, whose future research career in electron microscopy and materials science had been greatly influenced by Cosslett's provision of electron microscope facilities in the Cavendish, enhanced by the delivery in 1945 of the high-resolution Siemens Elmiskop electron microscope. This led Hirsch's group to be the first observers of the movement of dislocations in metal foils, an event of enormous significance in materials science. The Foreword is reproduced here, slightly shortened:
Forty-six years ago Ellis Cosslett was first introduced to electron microscopy at a time when Ruska and Knoll were engaged in their exciting pioneering developments. Countless electron microscopists all over the world benefited greatly from this initiation, for since that time Ellis has never lost his devotion and original enthusiasm for the subject, and over the years his work has had a most pro found influence on the development o f this field, both in this country and elsewhere. The contribu tions to this 'Festschrift', to celebrate his 70th year, cover a wide spectrum o f diverse topics in microscopy and microanalysis, and illustrate the breadth o f the impact o f his work and interests.
Ellis has contributed to and influenced the subject in a number o f ways. Firstly, through his own research, which, together with the efforts o f his students and collaborators, has led to the development o f a number o f highly successful instruments, in particular the X-ray microscope, the scanning elec tron probe microanalyser, the Cambridge 750 kV microscope which was the prototype for the AEI EM7, and most recently the Cambridge 650 kV high resolution electron microscope. He and his stu dents have also made important contributions to the developments o f new techniques, e.g. electron energy analysis, and to our understanding o f the basic physics o f these techniques, e.g. electron scat tering and X-ray production processes.
Secondly, by encouraging in his own laboratory the application o f these new and relatively untried instruments and techniques in disciplines outside his own, particularly biology, thereby accelerating the diffusion o f these techniques into and their acceptance in these fields.
Thirdly, by establishing a highly successful research school in electron optics and microscopy in Cambridge, during his period in Cambridge, which attracted many able students, collaborators and visitors, who themselves contributed greatly to the development and application o f microscopy and analysis both at Cambridge and subsequently elsewhere. Their success ow es much to Ellis' enthu siasm and commitment to the subject, his ability to identify key areas o f research and his stimulation and encouragement.
Fourthly, through his efforts both nationally and internationally to establish the organizations which ensure the proper dissemination o f the subject. Ellis's achievements have been widely recognized both in this country and abroad. His is a remarkable success story; the existence today o f so many commercial scanning electron probe analysers in metallurgy, geology and biology laboratories all over the world, and some twelve AEI EM7 1 MeV microscopes in this country and abroad, bears wit ness to the importance o f his pioneering researches. His achievements provide clear evidence o f his outstanding qualities o f scientific leadership, his farsightedness, drive and ability to impart his enthu siasm and commitment to many students and collaborators who have had the good fortune to work with him. Electron microscopists and analysts all over the world ow e him a debt o f gratitude, for the way many o f their own researches have benefited from the advances he and his school have made.
P.B. Hirsch
Finale: The Cosslett Symposium
In 1956, Cosslett, in parallel with his many other activities, had inaugurated a series of international congresses known as ICXOM (International Congress on X-ray Optics and Microanalysis), held every three years. The first, held in Cambridge in 1956, was an instant success and became a regular event. At the 1989 congress in Cracow, it was decided that the 1992 Congress should return to the UK and that Ellis Cosslett should be the President of the Congress. It was not to be, as Ellis died on November 1990 at the age of 82. It was sponta neously decided to hold a Cosslett Symposium at ICXOM -13, to be held in Manchester, in his memory. Many of his old friends and colleagues attended. The entire Symposium was videotaped; the talks by the invited speakers may be found in the Congress Proceedings (see Bibliography). It was generally agreed that all electron and X-ray microscopists have bene fited in one way or another from Cosslett's prodigious efforts in promoting microscopy and analysis in Cambridge and in collaborating with other universities and institutes world wide, building up the present impressive international community of electron microscopists, com plemented by the activities of IFSEM in organizing international conferences. These world wide activities have exerted enormous influence in medicine, materials science, the life sciences, earth sciences, physics and chemistry that transcend political and cultural bound aries.
Cosslett's publications, embracing his entire scientific career. These, I believe, give due weight to his own personal research successes, as well as acknowledging, as he himself would have wished, the considerable contribution made by the gifted research students and others that he attracted to the Cavendish and set up on their future careers.
B ib l io g r a p h y
The vast collection of Cosslett's papers, correspondence and other documents are now in the archives of Churchill College, Cambridge, where they are being catalogued. A complete list of Cosslett's publications is not yet available but the following list provides a broad survey of his important scientific publications. These are complemented by reference to other publications containing further references to his published work. The list includes his sub missions to the University of Cambridge for the degree of Sc.D. and to the Royal Society on his election as a Fellow. These, read in connection with the supplementary list, show the wide area of research in which he, together with his students and colleagues, made a signifi cant contribution to electron and X-ray microscopy and analysis. D. The Cosslett Festschrift, September 1979 , J. Microsc. 117, pt. 1, 1-184 (1979 
